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I .  I n t r o d u c t i o n  

A p r o p o s a l  h a s  been  made by Goddard Space  F l i g h t  C e n t e r  
(GSFC) t o  modify t h e  p r e s e n t  C-band r a d a r  sys t em (FPQ-10) on t h e  
Apol lo  r e e n t r y  s h i p s .  The m o d i f i c a t i o n  was d i s c u s s e d  a t  a  
mee t ing  h e l d  a t  MSC on March 9, 1966.  T h i s  memorandum examines 
t h e  o p e r a t i o n a l  s u p p o r t  f o r  t h e  r e e n t r y  and r e c o v e r y  p h a s e s  of 
l u n a r  l a n d i n g  m i s s i o n s  i n  o r d e r  t o  e v a l u a t e  t h e  a d v i s a b i l i t y  o f  
implement ing  t h e  m o d i f i c a t i o n s  p roposed  by GSFC. 

A b r i e f  d i s c u s s i o n  on t h e  r e e n t r y  t r a j e c t o r i e s  i s  
g i v e n  i n  S e c t i o n  11, and t h e  o p e r a t i o n a l  r e q u i r e m e n t s  f o r  t h e  
r e e n t r y  and r e c o v e r y  p h a s e s  a r e  d i s c u s s e d  i n  S e c t i o n  111. 
S e c t i o n  I V  i s  a  summary of  t h e  p r e s e n t  sys t em i m p l e m e n t a t i o n  
p l a n n e d  f o r  t h e  r e e n t r y  and r e c o v e r y  p h a s e s ,  and i t s  e x p e c t e d  
pe r fo rmance  and l i m i t a t i o n s ,  i n c l u d i n g  t h e  e f f e c t s  o f  equipment  
f a i l u r e .  The e x p e c t e d  improvement i n  C-band r a d a r  sys t em p e r -  
formance,  a f t e r  m o d i f i c a t i o n s ,  and i t s  i n f l u e n c e  on t h e  o v e r a l l  
o p e r a t i o n a l  e f f e c t i v e n e s s  a r e  a l s o  i n c l u d e d  i n  S e c t i o n  IV. The 
deployment s t r a t e g y  f o r  r e e n t r y  s h i p s  t o  p r o v i d e  optimum o p e r a t i o n a l  
s u p p o r t  t h r o u g h o u t  t h e  l u n a r  month i s  d i s c u s s e d  i n  S e c t i o n  V.  
S e c t i o n  V I  c o n t a i n s  t h e  c o n c l u s i o n s  and recommendat ions.  
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11. Reen t ry  T r a j e c t o r i e s  

The r e e n t r y  t r a j e c t o r i e s  of t h e  Apol lo  Command Module 
( C M )  r e t u r n i n g  from a  l u n a r  m i s s i o n  a r e  shaped  by t h r e e  major  
c o n s t r a i n t s :  t h e y  a r e :  

1. c a p t u r i n g  of  t h e  s p a c e c r a f t  by t h e  E a r t h ' s  
a tmosphere  on t h e  f i r s t  a t t e m p t  t o  i n s u r e  a 
l a n d i n g ,  

2 .  n o t  e x c e e d i n g  a  c e r t a i n  aerodynamic l o a d i n g  
d u r i n g  t h e  r e e n t r y ,  and 

3 .  n o t  e x c e e d i n g  a  c e r t a i n  h e a t  l o a d  and h e a t  
r a t e  d u r i n g  t h e  r e e n t r y .  

These c o n s t r a i n t s  a r e  s a t i s f i e d  by a p p r o p r i a t e  d e s i g n  
of  t h e  r e e n t r y  gu idance  and n a v i g a t i o n a l  equipment  on t h e  space -  
c r a f t  based  on t h e  l i f t  t o  d r a g  (L/D) c h a r a c t e r i s t i c  o f  t h e  C M ,  
t h e  r e e n t r y  v e l o c i t y ,  t h e  r e e n t r y  f l i g h t  p a t h  a n g l e ,  and t h e  
r e l a t i v e  p o s i t i o n  of  t h e  r e e n t r y  p o i n t  and t h e  d e s i g n a t e d  l a n d i n g  
p o i n t .  

Because of  t h e  p o s s i b l e  v a r i a t i o n s  o f  t h e  r e e n t r y  p o l n t ,  
t h e  r e e n t r y  v e l o c i t y ,  and t h e  aerodynamic c h a r a c t e r i s t i c s  of  t h e  
s p a c e c r a f t ,  a  r a n g e  of r e e n t r y  t r a j e c t o r i e s  a r e  p o s s i b l e .  I n  
c a s e  o f  equipment  m a l f u n c t i o n  onboard t h e  s p a c e c r a f t ,  t h e  CM may 
miss t h e  l a n d i n g  p o i n t  i n  b o t h  t h e  down r a n g e  and l a t e r a l  r a n g e  
d i r e c t i o n s .  Some t y p i c a l  t r a j e c t o r i e s  f o r  L/D of 0 . 3  and 0 .4  a r e  
shown i n  F i  u r e s  1 - 6 ,  and t h e  l a t e r a l  r a n g e  v a r i a t i o n s  a r e  shown 
i n  F i g u r e  7q1). It s h o u l d  be  n o t e d  t h a t  t h e  c u r r e n t  r e q u i r e m e n t s  
s t a t e  t h a t  t h e  r e e n t r y  r a n g e  w i l l  be between 1500 and 3500 nm. 
from t h e  r e e n t r y  p o i n t  a t  400,000 f t  a l t i t u d e  and t h e  L/D of  t h e  
CM w i l l  be w i t h i n  0 . 3  and 0 . 3 8 . ( 2 )  

(1) "Apol lo  N a v i g a t i o n  Ground and Onboard C a p a b i l i t i e s , "  Apol lo  
N a v i g a t i o n  Working Group, T e c h n i c a l  Repor t  No. 65-AN-2.0,  
September 1, 1965. 

( 2 )  "Apol lo  Program S p e c i f i c a t i o n "  S p e c i f i c a t i o n  No. SE005-001-1 
May, 1965. ( C o n f i d e n t i a l ) .  



The shape  of t h e  r e e n t r y  t r a j e c t o r y  h a s  two major  
e f f e c t s  on t h e  p l a n n i n g  of communicat ions and t r a c k i n g  coverage  
d u r i n g  t h e  r e e n t r y  and r e c o v e r y  p h a s e s ;  namely, ( 1 )  RF s i g n a l  
impai rment  ( b l a c k o u t )  r e s u l t i n g  from t h e  p lasma medium s u r r o u n d i n g  
t h e  s p a c e c r a f t ,  and (2) t h e  a c q u i s i t i o n  of  t h e  s p a c e c r a f t  w h i l e  
i t  i s  i n  b l a c k o u t  o r  a f t e r  i t  emerges from t h e  b l a c k o u t .  The RF 
b l a c k o u t  boundary d u r i n g  r e e n t r y  f o r  t h e  CM i s  a  f u n c t i o n  of  t h e  
a l t i t u d e  and v e l o c i t y  o f  t h e  CM and t h e  a b l a t i o n  p r o d u c t s  f rom t h e  
CM h e a t  s h i e l d .  It i s  n o t  p o s s i b l e  a t  t h i s  t ime  t o  d e t e r m i n e  t h e  
b l a c k o u t  b o u n d a r i e s  f o r  d i f f e r e n t  RF f r e q u e n c i e s  w i t h  c e r t a i n t y .  
A g r o s s  e s t i m a t e ,  f rom a v a i l a b l e  d a t a ,  of  t h e  b l a c k o u t  boundary 
f o r  t h e  S-band f r e q u e n c y  would be  a s  f o l l o w s :  

1. between 320,000 f t  and 260,000 f t  a l t i t u d e  d u r i n g  
t h e  i n i t i a l  phase  o f  t h e  r e e n t r y ,  and 

2.  between 260,000 f t  and 150,000 f t  a l t i t u d e  d u r i n g  
t h e  t e r m i n a l  phase  o f  t h e  r e e n t r y .  

Two problems a r e  i n v o l v e d  w i t h  t h e  a c q u i s i t i o n  of t h e  
CM by an E a r t h  s t a t i o n ,  such  a s  a  s h i p .  One conce rns  t h e  RF 
b l a c k o u t  phenomenon which d i c t a t e s t h e  d e c i s i o n  o f  u s i n g  e i t h e r  
t r a n s p o n d e r  t r a c k i n g  o r  p lasma s h e a t h  t r a c k i n g .  The o t h e r  
conce rns  t h e  p o s s i b l e  d i s p e r s i o n  o f  t h e  Cl! from i t s  nominal  t r a j e c -  
t o r y  as i n d i c a t e d  i n  F i g u r e  7 .  It i s  c l e a r  t h a t  t h e  p o s s i b l e  
d i s p e r s i o n  i n  l a t e r a l  r a n g e  becomes l a r g e r  a s  t h e  CM t r a v e l s  down 
r a n g e  which would r e q u i r e  a  l a r g e r  s e a r c h  a r e a  f o r  t h e  a c q u i s i t i o n  
sys t em.  



111. O p e r a t i o n a l  Requi rements  

Three  ma jo r  ground s u p p o r t  f u n c t i o n s  need  t o  be 
per formed d u r i n g  t h e  r e e n t r y  and r e c o v e r y  p h a s e s ,  namely: 

1, r e c o v e r y  o f  t h e  crew and s p a c e c r a f t , w i t h i n  a 
r e a s o n a b l e  t i m e  p e r i o d  a f t e r  l a n d i n g ,  

2 .  two-way v o i c e  communication w i t h  t h e  C M ,  and 

3 .  r e c e p t i o n  and r e c o r d i n g  o f  t e l e m e t r y  from t h e  
s p a c e c r a f t  f o r  p o s t  m i s s i o n  a n a l y s i s .  

I n  o r d e r  t o  s a t i s f y  t h e  f i r s t  f u n c t i o n a l  r e q u i r e m e n t ,  t h e  l a n d i n g  
p o i n t  of  t h e  CM needs  t o  be p r e d i c t e d  by e i t h e r  t r a c k i n g  t h e  CN 
from a r e e n t r y  s h i p  o r  u s i n g  d i r e c t i o n  f i n d i n g  t e c h n i q u e s  p r e s e n t l y  
p l a n n e d  by t h e  r e c o v e r y  a i r c r a f t .  The second and t h i r d  f u n c t i o n  
c o u l d  be s a t i s f i e d  by a  p r o p e r l y  l o c a t e d  r e e n t r y  s h i p  o r  p o s s i b l y  
by u s i n g  Apol lo  i n s t r u m e n t e d  a i r c r a f t  p l anned  f o r  u s e  d u r i n g  t h e  
i n j e c t i o n  phase  p r o v i d e d  t h a t  t h e  CM i s  n o t  i n  t h e  S-band b l a c k o u t  
r e g i o n .  



I V .  System Implemen ta t ion  

Three  ma jo r  sys t ems  a r e  p l a n n e d  f o r  t h e  o p e r a t i o n a l  
s u p p o r t  of  t h e  r e e n t r y  and r e c o v e r y  phases.  These sys t ems  a r e  
d i s c u s s e d  i n  t h i s  s e c t i o n  i n  t e r m s  of  t h e i r  p r e s e n t l y  p l anned  
c a p a b i l i t i e s  and p roposed  improvements .  The l i m i t a t i o n s  of  
e a c h  sys t em a r e  a l s o  d i s c u s s e d .  The r e c o v e r y  s h i p s  l o c a t e d  n e a r  
t h e  e x p e c t e d  l a n d i n g  p o i n t  a r e  n o t  c o n s i d e r e d  h e r e  because  of  
t h e i r  l i m i t e d  communications and t r a c k i n g  c a p a b i l i t i e s .  

A .  Recovery A i r c r a f t  

According  t o  t h e  p r e s e n t  p l a n n i n g ,  n i n e  r e c o v e r y  
a i r c r a f t  w i l l  be dep loyed  o v e r  t h e  e x p e c t e d  ClM l a n d i n g  
f o o t p r i n t  which i s  a p p r o x i m a t e l y  2,000 nm. l o n g  and 600 nm. 
wide .  These a i r c r a f t  r e l y  on t h e  s i g n a l  f rom t h e  r a d i o  
equipment of  t h e  CM f o r  d i r e c t i o n  f i n d i n g ,  b u t  t h e y  would 
n o t  have t h e  c a p a b i l i t y  o f  communicating w i t h  t h e  CY u n t i l  
i t  has  dep loyed  i t s  p a r a c h u t e s  ( a r o u n d  12 ,000 f t  a l t i t u d e ) ,  
The o p e r a t i o n  of  t h e  r e c o v e r y  a i r c r a f t  can  be  d i v i d e d  i n t o  
t h r e e  s e p a r a t e  p h a s e s  a s  f o l l o w s :  

From r e e n t r y  p o i n t  (400,000 f t  a l t i t u d e ) '  t o  main 
p a r a c h u t e  deployment  (12 ,000 f t  a l t i t u d e )  - The 
s i g n a l  r a d i a t e d  from t h e  CM d u r i n g  t h i s  p e r i o d  would 
be from t h e  U n i f i e d  S-Band System. During p a r t  of  
t h i s  p e r i o d ,  t h e  S-band s i g n a l  would n o t  be a v a i l a b l e  
t o  t h e  a i r c r a f t  because  o f  t h e  b l a c k o u t  caused  by 
t h e  p lasma s h e a t h .  A f t e r  t h e  CM emerges from t h e  
b l a c k o u t  r e g i o n ,  t h e  S-band sys t em per formance  i s  
e x p e c t e d  t o  be  degraded  from t h e  c h a r r i n g  of  t h e  
a b l a t i v e  c o v e r  o v e r  t h e  S-band omni-antenna e l e m e n t s .  
The p r e s e n t  e s t i m a t e  o f  t h e  c h a r r i n g  l o s s ,  s u p p l i e d  
by MSC/IESD, i s  30 db ,  w i t h  a  p o s s i b l e  r a n g e  from 
1 t o  50 db .  Using t h e  30 db l o s s  f i g u r e  would 
r e d u c e  t h e  r a n g e  c a p a b i l i t y  o f  t h e  a i r c r a f t  by a  
f a c t o r  of  32  t o  a p p r o x i m a t e l y  35 nm. ( s e e  Tab le  I )  
which would d r a s t i c a l l y  r e s t r i c t  t h e  DF c a p 2 b i l i t y  
of  t h e s e  a i r c r a f t .  The maximum c h a r r i n g  l o s s  t h a t  
can  be t o l e r a t e d  by t h e  a i r c r a f t  f o r  500 nm. r a n g e  
i s  abou t  7 db.  
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Two a d d i t i o n a l  problems may f u r t h e r  r e s t r i c t  
t h e  u s e f u l n e s s  o f  t h e  r e c o v e r y  a i r c r a f t  d u r i n g  t h l s  
p e r i o d ;  one i s  t h e  p o s s i b l e  f a i l u r e  o f  t h e  CM S-band 
t r a n s m i t t i n g  equipment ,  and t h e  o t h e r  i s  t h e  S-band 
a n t e n n a  s w i t c h i n g  problem. I n  c a s e  o f  t h e  f a i l u r e  
o f  one o f  t h e  S-band t r a n s p o n d e r s  o r  power a m p l i f i e r s ,  
t h e  crew would n o t  be aware of such  a  s i t u a t i o n  a s  
t h e r e  a r e  no onboard f a i l u r e  i n d i c a t i o n s  d i s p l a y e d  t o  
them. Consequen t ly ,  t h e r e  w i l l  be no i n d i c a t i o n  f o r  
t h e  crew t o  s w i t c h  t o  t h e  r edundan t  t r a n s p o n d e r  o r  
power a m p l i f i e r  i f  t h e  one i n  u s e  f a i l s .  I n  o t h e r  
p h a s e s  o f  t h e  m i s s i o n ,  an MSFN s t a t i o n  would a l e r t  
t h e  crew t o  t h e i r  l a c k  of  t r a n s m i s s i o n .  

The CM c a r r i e s  f o u r  S-band a n t e n n a s  which a r e  
a n t i c i p a t e d  t o  be manual ly  s w i t c h e d ,  p r o v i d i n g  omni- 
d i r e c t i o n a l  c o v e r a g e .  The p a r t i c u l a r  a n t e n n a  used  i s  
s e l e c t e d  by t h e  crew b a s e d  on r e c e i v e d  s i g n a l  s t r e n g t h  
from t h e  s e v e r a l  a n t e n n a s .  S i n c e  t h e  r e c o v e r y  
a i r c r a f t  does  n o t  r a d i a t e  a  s i g n a l  t o  t h e  s p a c e c r a f t ,  
t h e  crew would n o t  have any i n d i c a t i o n  of  t h e  r i g h t  
c h o i c e  o f  t h e  f o u r  a n t e n n a  e l e m e n t s  t o  r a d i a t e  a  
s i g n a l  toward  t h e  r e c o v e r y  a i r c r a f t .  Moreover,  
because  of  t h e  l i m i t e d  coverage  a r e a  from one a n t e n n a  
e lement  of  t h e  C M ,  t h e r e  i s  a  h i g h  p r o b a b i l i t y  t h a t  
on ly  one r e c o v e r y  a i r c r a f t  would be w i t h i n  t h e  CM 
a n t e n n a  beamwidth a t  any p a r t i c u l a r  i n s t a n c e ,  which 
i s  u n s a t i s f a c t o r y  f o r  d i r e c t i o n  f i n d i n g  P u r p o s e s .  

2 .  From main p a r a c h u t e  deployment t o  s p l a s h  down - The 
RF s i g n a l s  r a d i a t e d  from t h e  CIV d u r i n g  t h i s  p e r i o d  
a r e  t h e  VHF v o i c e  ( 2 9 6 . 8  mc) and t h e  VHF beacon 
( 2 4 3 . 0  mc) .  The ma jo r  problems r e s u l t i n g  i n  l o s s  
o f  t h e  s p a c e c r a f t  DF c o u l d  be a  r e c o v e r y  a i r c r a f t  
f a i l u r e  when t h e  CM i s  i n  a  s i n g l e  a i r c r a f t  cove rage  
a r e a ,  and t h e  l i m i t e d  s e a r c h  t i m e  a v a i l a b l e  t o  t h e  
a i r c r a f t .  O t h e r  p o s s i b l e  problems a r e  t h e  f a i l u r e  
of  t h e  VHF a n t e n n a  on t h e  C M ,  and t h e  a c t i v a t i o n  of  
t h e  t r a n s m i t t e r s  i n  c a s e  of crew d i s a b i l i t y .  
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3 .  A f t e r  s p l a s h  down - t h e  RF s i g n a l s  r a d i a t e d  
from t h e  CM a f t e r  s p l a s h  down a r e  t h e  VHF s i g n a l s  
d e s c r i b e d  above and t h e  a d d i t i o n  of  a  HF s i g n a l  
(10 .006 mc).  Dur ing  t h i s  p e r i o d  t h e  o p e r a t i o n  
becomes t h e  s t a n d a r d  a i r / s e a  r e s c u e  o p e r a t i o n .  

A d d i t i o n a l  problems b e s i d e s  t h e  l o n g e r  s e a r c h  
t i m e  r e q u i r e d  a r e  t h e  p o s s i b i l i t i e s  of  t h e  s i n k i n g  
of  t h e  C M  b e c a u s e  of  damage o r  t h e  f a i l u r e  of  t h e  
CM t o  u p - r i g h t  i t s e l f ,  p a r t i c u l a r l y  i n  a  r o ~ . g h  s e a .  
Under such  c i r c u m s t a n c e s ,  t h e r e  would be  no RF 
s i g n a l  r a d i a t i n g  from t h e  CM t o  e x p e d i t e  r e c o v e r y  
o p e r a t i o n s .  

B .  Reen t ry  Sh ip  

The r e e n t r y  s h i p  h a s  two ma jo r  communication and 
t r a c k i n g  sys t ems ,  t h e  USB sys tem and t h e  C-band t r a c k i n g  sys t em.  
The c a p a b i l i t i e s  o f  t h e s e  sys tems and t h e i r  l i m i t a t i o n s  a r e  
d i s c u s s e d  below. 

U n i f i e d  S-band (USB) System - The b a s i c  p a r a m e t e r s  
of  t h e  USB sys tem a r e ,  12 f t  a n t e n n a ,  2 db n o i s e  
f i g u r e  r e c e i v e r ,  and 2  Kw t r a n s m i t t e r  power. The 
sys t em i s  c a p a b l e  of  pe r fo rming  b o t h  t h e  t r a c k i n g  
and t h e  communication ( v o i c e  and t e l e m e t r y )  
f u n c t i o n s  whenever t h e  CM i s  n o t  i n  t h e  b l a c k o u t  
r e g i o n .  The per formance  o f  t h e  USB sys tem,  i n c l u d i n g  
30 db s i g n a l  l o s s  f rom c h a r r i n g  of  t h e  C N  a n t e n n a ,  
f o r  v a r i o u s  modes o f  o p e r a t i o n  i s  c a l c u l a t e d  i n  
Appendix A .  It i s  s e e n  t h a t  t h e  o n l y  mode p o s s i b l e  on 
t h e  down l i n k  i s  t h e  emergency v o i c e  p l u s  1 . 6  kbps 
t e l e m e t r y  o r  r a n g i n g  by i t s e l f .  On t h e  o t h e r  hand 
i f  t h e  c h a r r i n g  l o s s  i s  l e s s  t h a n  2 7  db ,  normal  
r a n g i n g ,  v o i c e  and 1 . 6  kbps TM can  be p r o v i d e d .  

The ma jo r  problem w i t h  t h e  USB sys tem on t h e  
r e e n t r y  s h i p  i s  i t s  l a c k  o f  a c q u i s i t i o n  c a p a b i l i t y .  
I n  t h i s  c a s e ,  t h e  a c q u i s i t i o n  problem i s  mechan ica l  
a n g l e  s c a n n i n g ,  f r e q u e n c y  s e a r c h i n g ,  and p h a s e  
l o c k i n g  of  t h e  r e c e i v e r s .  It i s  b e l i e v e d  t h a t  t h e  
USB sys tem by i t s e l f ,  w i t h o u t  any a  p r i o r i  knowledge 
of t h e  CM l o c a t i o n ,  would n o t  be c a p a b l e  o f  a c q u i r i n g  
t h e  CM w i t h  any h i g h  d e g r e e  of  p r o b a b i l i t y  d u r i n g  i t s  
v i s i b i l i t y  p e r i o d  which i s  l i m i t e d  by t h e  e x p e c t e d  b l a c k o u t  
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The other problem with the S-band system is 
again the omnidirectional antenna element switching 
onboard the CM. There are actually two parts to 
this problem, one occurs during the initial acquisition 
phase and the other occurs after acquiring and lock-on 
while the CM executes roll maneuvers to position its 
lift vector prior to final descent. During the initial 
acquisition phase, it would be necessary for the crew 
to determine on which antenna element the RF signal 
is being transmitted to them from the ship. Once 
acquired, it may be necessary to switch the antenna 
elements again in order to maintain contact with the 
ship. Whenever antenna switching is necessary, the 
ship receiver may lose lock which would require going 
through the frequency and phase lock procedure with a 
resulting loss of valuable communication time. 

One interesting side effect during the time when 
the CM is maintaining contact with the ship is the 
high probability of disrupting the DF operation of 
the recovery aircraft. This comes about as the result 
of the limited coverage of the CM antenna elements so 
that unless the aircraft is within the antenna coverage 
cone, it would not be able to receive any S-band signal. 

C-band tracking radar - The present C-band tracking 
radar on the reentry ships is the FPQ-10 radar system, 
This system is somewhat limited in its skin tracking 
capability; its range performance is estimated to be 
126 nm. for a 1 m2 target as shown in Table 11. Since 
the radar cross section of the plasma enclosed CM 
has not been well defined, a firm number is not 
available. Using the 10 m2 which was estimated by 
NAA(~) corresponding to a radar incident angle of 
approximately 30' as shown in Figure 8, the present 
system would not have the desired range performance, 

( 3 )  "Final Report on Apollo Plasma Reentry Studies," MAA Report 
No. ~1~63-746, July 5, 1963. 
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which i s  i n  t h e  o r d e r  o f  300 nm. Another  ma jo r  
l i m i t a t i o n  of  t h e  p r e s e n t  s h i p b o a r d  sys t em i s  i t s  
a c q u i s i t i o n  c a p a b i l i t y .  The a c q u i s i t i o n  c a F a b i l i t y  
i s  l i m i t e d  i n  two r e s p e c t s ,  one i s  an  approx ima te  
t ime  l i m i t  o f  a b o u t  two minu tes  i n  s c a n n i n g  a t  t h e  
maximum s c a n n i n g  r a t e ,  and t h e  o t h e r  i s  t h e  t i m e  
r e q u i r e d  t o  s c a n  t h e  r e q u i r e d  a c q u i s i t i o n  volume 
even  a t  t h e  maximum r a t e .  

The m o d i f i c a t i o n s  p roposed  by GSFC f o r  t h e  
C-band r a d a r  on t h e  r e e n t r y  s h i p  a r e  a s  f o l l o w s :  

a .  i n c r e a s e  peak  t r a n s m i t t i n g  power f r o K  
1 Mw t o  3 Mw, 

b .  i n c r e a s e  a n t e n n a  d i a m e t e r  f rom 12 f t  t o  1 6  f t ,  

c .  improve t h e  s c a n n i n g  c a p a b i l i t y  of  t h e  sys t em 
i n c l u d i n g  a  t r i p l e  a n t e n n a  f e e d  s o  t h a t  i t  
would be  c a p a b l e  o f  s c a n n i n g  a  6 O  x 23' 
window i n  5  s e c o n d s ,  and 

d .  change r e c e i v e r  f r o n t  end t o  a  cooled. 
p a r a m e t r i c  a m p l i f i e r .  

T a b l e  I11 i s  a  c a l c u l a t i o n  o f  t h e  r a n g e  per formance  
o f  t h e  m o d i f i e d  r a d a r .  It i s  s e e n  t h a t  t h e  m o d i f i e d  
sys t em i s  c a p a b l e  of  t r a c k i n g  a  1 m 2  t a r g e t  t o  a  
r a n g e  o f  235 nm. and a 10 m 2  t a r g e t  t o  a  r a n g e  o f  
420 nm. Pe rhaps  t h e  more s i g n i f i c a n t  improvement 
i s  i t s  a c q u i s i t i o n  c a p a b i l i t y ,  i t  h a s  been e s t i m a t e d  
by GSFC t h a t  jjhe p r o b a b i l i t y  of  d e t e c t i o n  a t  280 nm. 
i s  now 9 9 . 5 % (  ) on t h e  b a s i s  o f  1 m 2  t a r g e t  w i t h  t h e  
s h i p  l o c a t e d  a t  840 hm. down r a n g e  from t h e  r e e n t r y  
p o i n t .  With t h i s  improvement,  i t  i s  now p o s s i b l e  
f o r  t h e  C-band r a d a r  t o  pe r fo rm two i m p o r t a n t  f u n c t i o n s ,  
t h e y  a r e :  

(4) J .  R.  Moore, "Apol lo  E n t r y  Radar A c q u i s i t i o n  S t u d y , "  GSFC 
Repor t  No. X-513-65-225, May 28, 1965.  



a .  s e r v i n g  a s  t h e  a c q u i s i t i o n  a i d  t o  t h e  
USB sys t em,  and 

b .  p r o v i d i n g  g r o s s  impact  p o i n t  p r e d i c t i o n  d a t a  
t o  t h e  r e c o v e r y  o p e r a t i o n  even when t r a c k i n g  
t h e  p lasma s h e a t h  of  t h e  CM.  

C .  Apol lo  I n s t r u m e n t e d  A i r c r a f t  

The Apol lo  I n s t r u m e n t e d  A i r c r a f t  u sed  f o r  l u n a r  
i n j e c t i o n  coverage  c o u l d  be dep loyed  f o r  r e e n t r y  commu- 
n i c a t i o n  p u r p o s e s .  The a i r c r a f t  a r e  c a p a b l e  of  t r a n s m i t t i n g  
and r e c e i v i n g  v o i c e  and TM on t h e  USB sys t em.  These a i r -  
c r a f t  a r e  s u b j e c t e d  t o  a l l  t h e  problems of  t h e  USB sys t em 
on t h e  r e e n t r y  s h i p  p l u s  t h e  a d d i t i o n a l  shor t comings  of  a  
r e d u c e d  a n t e n n a  g a i n  (30  db i n s t e a d  of  36 db f o r  t h e  r e e n t r y  
s h i p ) ,  r educed  o u t p u t  power (100 w ) ,  and h i g h e r  r e c e i v e r  
n o i s e  f i g u r e  (4 d b ) .  A b r i e f  c a l c u l a t i o n  shows t h a t  t h e  
maximum t o l e r a b l e  c h a r r i n g  l o s s  i s  a p p r o x i m a t e l y  20 db f o ~  
v o i c e  communication from t h e  a i r c r a f t  t o  t h e  CM and a p p r o x i -  
ma te ly  2 5  db f o r  v o i c e  and TM communication from t h e  CM t o  
a i r c r a f t  a t  500 nm. r a n g e .  
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V .  R e e n t r y  S h i p  Deployment 

There  ar>e two a s p e c t s  t o  r e e n t r a y  t r a c k i n g  s h i p  deployment ,  
namely, d e t e r m i n a t i o n  o f  t h e  optimum s h i p  l o c a t i o n  r e l a t i v e  t o  t h e  
r e e n t r y  p o i n t ,  and d e t e r m i n a t i o n  o f  r e l o c a - t i o n  s t ra , t , egy  t o  c o v e r  
d i f f e r i n g  p o s s i b l e  p o s i t i o n s  o f  t h e  r e e n t r y  p o i n t  r e l a t i v e  t o  t h e  
E a r t h ' s  s u r f a c e .  

The need  f o r  b o t h  C-band tra,cki.ng and. S-band coverage  of 
t h e  C M  a i c t a t e s  a l o c a t i o n  o f  t h e  s h i p  between t h e  pull--up z d  t l -~e  
t o p  o f  t h e  b a l l i s t i c  l o b .  Using  F i g u r e  5  a s  a  r e p r e s e n t a t i v e  
r e e n t r y  a l t i t u d e  p r o f i l e ,  i t  i s  p o s s i b l e  t o  l o c a t e  a  s h i p  a s  f a r  
as 810 nm. downrange from t h e  r e e n t r y  s u b p o i n t  and s t i l l  s e e  t h e  
CM a t  p u l l - u p .  T h i s  assumes a  1.5 '  minimum e l e v a t i o n  a n g l e ,  which 
c o r r e s p o n d s  t o  abou t  h a l f  t h e  t o t a l  beamwidth o f  t h e  t h r e e  bean  
C-band s e a r c h  p a t t e r n ,  For  t h e  p r o f i l e  shown i n  F i g u r e  5, t h i s  
l o c a t i o n  would p e r m i t  a b o u t  two m i n u t e s  of  C-band t r a c k i n g  and abou t  
one and one-ha l f  m i n u t e s  o f  S-band c o v e r a g e ,  assuming i n s t a n t a n e o u s  
a c q u i s i t i o n .  The approx ima te  t i m e s  and l o c a t i o n s  of  c o n t a c t  and 
l o s s  would be a s  f o l l o w s :  

Ground Range (nm.) 

f rom 
R e e n t r y  from A l t i t u d e  E leva -  Time+! 

P o i n t  S h i p  ( f t )  . t i o n ( O )  ( s e c )  

C-band c o n t a c t  500 310 1 8 5 , 0 0 0  1 . 5  90 

End o f  b l a c k o u t  960 150 260 ,000  1 6  210 

S-Band l o s s  1310 500** 320,000 2 300 

% Measured from r e e n t r y  t i m e .  
IC* Assumed r a n g e - l i m i t e d  by 30 db c h a r r i n g  l o s s .  



Note t h a t  t h e  h o r i z o n  l i m i t a t i o n s  and t h e  e x p e c t e d  maximum r a n g e  
per formance  o f  t h e  upgraded C-band r a d a r  a r e  abou t  e q u a l ,  a s  a r e  
t h e  h o r i z o n  l i m i t a t i o n s  and t h e  c h a r - a t t e n u a t e d  r a n g e  c a p a b i l i t y  
of  t h e  S-band sys tem.  Thus,  t h e  p roposed  s h i p  l o c a t i o n  a p p e a r s  t o  
be abou t  optimum f o r  t h e  e x p e c t e d  c o n d i t i o n s .  

While t h e  nominal  r e e n t r y  p o i n t  l o c a t i o n  r e l a t i v e  t o  
t h e  E a r t h ' s  s u r f a c e  w i l l  be known a t  t h e  t i m e  of l a u n c h  from t h e  
E a r t h ,  some f l e x i b i l i t y  must be a l lowed  t o  a d j u s t  f o r  minor  
d e v i a t i o n s  from t h e  nominal  s o  a s  t o  n o t  o v e r - c o n s t r a i n  t h e  m i s s i o n .  
A t  t h e  same t i m e ,  i t  i s  o b v i o u s l y  i m p o s s i b l e  t o  p r o v i d e  cove rage  
f o r  a l l  c o n c e i v a b l e  r e e n t r i e s ,  The c h i e f  ground r u l e s  adop ted  
f o r  t h i s  l o o k  a t  s h i p  deployment  s t r a t e g y  a r e :  reent ry- to- touchdown 
r a n g e s  o f  1500 t o  3500 . , and i n c l i n a t i o n s  of  up t o  + 4 0 3  r e l a t i v e  
t o  t h e  E a r t h ' s  equa to r . ?? )  The b a s i c  o b j e c t i v e  assume3 f o r  t h e  
s h i p  deployment s t r a t e g y  was t o  p o s i t i o n  t h e  s h i p  810 nm. down- 
r a n g e  from t h e  r e e n t r y  p o i n t  f o r  a l l  t r a j e c t o r i e s  a l l o w a b l e  under  
t h e s e  ground r u l e s  ( a s suming  t h e  r e e n t r y  f l i g h t  p a t h  a n g l e  
r ema ins  f i x e d  a t  -6.  O 0  ) . 

The p r o c e d u r e  u s e d  was t o  p l o t  t h e  l o c u s  of  a l l  a l l o w a b l e  
r e e n t r y  p o i n t s  f o r  e a c h  of  s e v e r a l  l u n a r  d e c l i n a t i o n s  r a n g i n g  o v e r  
a  comple te  l u n a r  month. F o r  e a c h  r e e n t r y  p o i n t ,  a c o r r e s p o n d i n g  
s h i p  l o c a t i o n  p o i n t  was p l o t t e d  810 nm. downrange. The l o c u s  o f  
optimum s h i p  p o s i t i o n  p o i n t s  t h a t  r e s u l t s  can  be c l o s e l y  a p p r o x i -  
mated by a  c o n s t a n t  l a t i t u d e  l i n e  whose maximum l e n g t h  i s  2 0 0 0  nm, , 
and whose l a t i t u d e  i s  t h e  n e g a t i v e  o f  t h e  l u n a r  d e c l i n a t i o n  a t  t h e  
t i m e  o f  l u n a r  d e p a r t u r e .  ( 6 )  

The t i m e  o f  f l i g h t  f o r  t h e  t r a n s - E a r t h  t r a j e c t o r y  i s  
e x p e c t e d  t o  v a r y  between abou t  84 and 110 h o u r s .  Wi th in  a  r e l a t i v e l y  
s h o r t  p e r i o d  o f  t r a c k i n g  t i m e  f o l l o w i n g  t r a n s - E a r t h  i n j e c t i o n ,  i t  
i s  e x p e c t e d  t h a t  t h e  r e e n t r y  p o i n t  w i l l  be known t o  w i t h i n  a few 
m i l e s .  Mid-course c o r r e c t i o n s  can  be e x p e c t e d  t o  s t e e r  toward  
t h i s  p o i n t ,  and s h o u l d  a s s i s t ,  r a t h e r  t h a n  h a n d i c a p ,  s h i p  deployment .  

( 5 )  "Apollo o p e r a t i o n a l  nominal  t r a j e c t o r y  ground r u l e s , "  MSC 
Miss ion  P l a n n i n g  and A n a l y s i s  D i v i s i o n ,  J u l y  2 ,  1965.  

( 6 )  "Communications and T r a c k i n g  Coverage f o r  t h e  R e e n t r y  Phase 
of Apol lo  Lunar  M i s s i o n s , "  B e l l  Telephone L a b o r a t o r i e s ,  I n c . ,  
March 1 0 ,  1964.  



An assumed s h i p  r e l o c a t i o n  d i s t a n c e  h a s  been t a k e n  t o  be 900 nm., 
c o r r e s p o n d i n g  t o  72 h o u r s  o f  s a i l i n g  t i m e  a t  1 2 . 5  k n o t s .  T h i s  
combina t ion  o f  t i m e  and speed  a l l o w s  a t  l e a s t  1 2  h o u r s  o f  t r a c k i n g  
t i m e  t o  d e t e r m i n e  t h e  l o c a t i o n  of  t h e  r e e n t r y  p o i n t  and a 2 . 5  
k n o t  d e r a t i n g  of t h e  ship's c r u i s i n g  s p e e d .  The l e n g t h  o f  t h e  
optimum s h i p  p o s i t i o n  l o c u s  t h a t  can  be cove red  i s  t h e r e f o r e  
1800  nm., o r  90% o f  t h e  t o t a l  a l l o w a b l e  s p r e a d .  

A s  a p r a c t i c a l  m a t t e r ,  one s h i p  c o u l d  p r o v i d e  good 
( b u t  n o t  n e c e s s a r i l y  optimum) coverage  f o r  100% of  a l l  a l l o w a b l e  
t r a j e c t o r i e s  under  t h e  a s s u m p t i o n s  made f o r  t h i s  s t u d y ,  due t o  
t h e  f o l l o w i n g  f a c t o r s :  

(1) For  many d a y s ,  t h e  l o c u s  o f  optimum s h i p  p o s i t i o n s  
w i l l  be  l e s s  t h a n  2000 nm. l o n g ,  

( 2 )  t h e  10% gap a s  deve loped  above need  n o t  be c o m p l e t e l y  
uncovered;  i t  might  mere ly  s u b t r a c t  f rom t h e  S-band 
coverage  i n t e r v a l ,  

( 3 )  due t o  s p a c e c r a f t  f u e l  l i m i t a t i o n ? ,  i t  i s  e x p e c t e d  
t h a t  some i n c l i n a t i o n  a n g l e s  w i t h i n  t h e  " a l l o w a b l e "  
s p r e a d  w i l l  be v e r y  improbab le ,  o r  even  i m p o s s i b l e ,  
t o  a t t a i n  f o r  some days  o f  t h e  l u n a r  month. 

T h i s  s t u d y  h a s  a l s o  c o n s i d e r e d  s e n s i t i v i t y  t o  changes 
of  t h e  f o l l o w i n g  f a c t o r s :  

(1) A l t i t u d e  p r o f i l e s  d i f f e r e n t  f rom F i g u r e  5  
( i , e . ,  t h e  o t h e r  f i g u r e s  shown, p l u s  o t h e r s  n o t  
shown i n  t h i s  memorandum hav ing  r e e n t r y  f l i g h t  p a t h  
a n g l e s  d i f f e r e n t  from - 6.001, 

( 2 )  t i m e  o f  l u n a r  d e p a r t u r e  ( i . e . ,  t h e  d i f f e r e n c e  i n  
t i m e  o f  a c t u a l  d e p a r t u r e  from t h a t  p l anned  when t h e  
s h i p  t o o k  up i t s  i n i t i a l  s t a t i o n ) ,  

( 3 )  changes  i n  p l a n n e d  l a n d i n g  s i t e  l o c a t i o n ,  b o t h  
b e f o r e  and a f t e r  t h e  m i s s i o n  h a s  s t a r t e d .  



With in  t h e  bounds of  a n t i c i p a t e d  r e a s o n a b l e  change,  t h e  r e s u l t s  
a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e s e  f a c t o r s .  I n  t h e  i n t e r e s t  o f  
b r e v i t y  t h e  s e n s i t i v i t y  a n a l y s i s  w i l l  n o t  be d i s c u s s e d  h e r e ;  
t h e  "opt imum"coverage p o t e n t i a l  of a  s i n g l e  s h i p  would n o t  be 
e x p e c t e d  t o  be r educed  t o  below abou t  8 0 %  o f  t h e  "a l lowab le1 '  
t r a j e c t o r i e s ,  a l t h o u g h  t h e  optimum downrange d i s t a n c e  from t h e  
r e e n t r y  p o i n t  might  change .  

S i n c e  one s h i p  can  i d e a l l y  c o v e r  a lmos t  a l l  " a l l o w a b l e "  
t r a j e c t o r i e s ,  t h e  q u e s t i o n  a r i s e s  of  t h e  b e s t  u s e  o f  a  second 
s h i p  i f  i t  were a v a i l a b l e .  The f o l l o w i n g  a l t e r n a t i v e s  a r e  
s u g g e s t e d :  

(1) Use t h e  second s h i p  t o  o b t a i n  optimum 
coverage  f o r  1 0 0 %  o f  a l l  " a l l o w a b l e "  t r a j e c t o r i e s .  

( 2 )  Deploy t h e  second  s h i p  f u r t h e r  downrange from 
t h e  r e e n t r y  p o i n t  t o  l e n g t h e n  t h e  t i m e  of  c o n t a c t .  
(Note t h a t  t h e s e  two a l t e r n a t i v e s  can  o f t e n  be 
r e a l i z e d  s i m u l t a n e o u s l y .  ) 

( 3 )  B i a s  t h e  two s h i p s  t o  o p p o s i t e  s i d e s  o f  t h e  
e x p e c t e d  t r a j e c t o r y  t o  a l l o w  f o r  l o n g e r  cove rage  
i n  t h e  e v e n t  of  l a t e r a l  d e v i a t i o n s .  

The c h i e f  v a l u e  of  t h e  second  s h i p  a p p e a r s  t o  be i t s  a v a i l a b i l i t y  
f o r  add ing  t o  MSFN s u p p o r t  a s  m i s s i o n  r e q u i r e m e n t s  change .  For  
example,  t h e  second  s h i p  would be v e r y  d e s i r a b l e  i f  any of t h e  
f o l l o w i n g  r e q u i r e m e n t s  a r e  added i n  t h e  f u t u r e :  

(1) A l o n g e r  reent ry- to- touchdown r a n g e  c a p a b i l i t y ,  

( 2 )  cove rage  of  an  a l t e r n a t e ,  con t ingency  l a n d i n g  
a r e a ,  

( 3 )  s i m u l t a n e o u s  s u p p o r t  o f  two m i s s i o n s .  

I n  a d d i t i o n ,  t h e  second s h i p  w i l l  i n c r e a s e  t h e  p r o b a b i l i t y  of  
mee t ing  t h e  p r e s e n t  r e q u i r e m e n t s  by b e i n g  a v a i l a b l e  a s  a  back-up 
i f  t h e  f i r s t  s h i p  f a i l s .  



V I .  Conc lus ions  and Recommendations 

I n  t h e  l i g h t  of t h e  p r e s e n t  knowledge of  t h e  c a p a b i l i t i e s  
of  t h e  v a r i o u s  sys tems used  d u r i n g  t h e  r e e n t r y  and r e c o v e r y  
p h a s e s  o f  Apol lo  l u n a r  m i s s i o n s ,  t h e  f o l l o w i n g  c o n c l u s i o n s  a r e  
made : 

1. The d i r e c t i o n  f i n d i n g  t e c h n i q u e  p l a n n e d  by t h e  
r e c o v e r y  a i r c r a f t  would n o t  be s u f f i c i e n t  by 
i t s e l f  t o  p r o v i d e  a  h i g h  p r o b a b i l i t y  of  d e t e r m i n i n g  
t h e  CM l a n d i n g  p o i n t .  The s i t u a t i o n  would be con- 
d e r a b l y  worse i f  more t h a n  7 db o f  c h a r r i n g  l o s s  
o c c u r s  on t h e  CM S-band a n t e n n a s .  

2 .  The USB sys tem on t h e  r e e n t r y  s h i p  does  n o t  have 
a d e q u a t e  c a p a b i l i t y  t o  a c q u i r e  t h e  CM by i t s e l f  
t o  i n s u r e  v o i c e  and TM communications w i t h  t h e  CM 
w h i l e  i t  i s  n o t  i n  b l a c k o u t .  

3 .  The C-band t r a c k i n g  sys t em of  t h e  r e e n t r y  s h i p  a s  
p r e s e n t l y  p l a n n e d  i s  i n a d e q u a t e  t o  pe r fo rm plasma 
s h e a t h  t r a c k i n g  o f  t h e  CM w h i l e  i t  i s  i n  b l a c k o u t .  
It i s  l a c k i n g  i n  b o t h  r a n g e  per formance  and i n  
a c q u i s i t i o n  c a p a b i l i t y .  

4 By a d o p t i n g  t h e  m o d i f i c a t i o n s  p roposed  by GSFC, t h e  
c a p a b i l i t y  of  t h e  C-band r a d a r  sys tem can  be improved 
t o  p e r m i t  i t  t o  s e r v e  a s  an  a c q u i s i t i o n  a i d  t o  t h e  
USB sys tem as w e l l  as p r o v i d i n g  g r o s s  impact  p o i n t  
p r e d i c t i o n  d a t a  t o  t h e  r e c o v e r y  f o r c e .  

5 .  The Apol lo  I n s t r u m e n t e d  A i r c r a f t  do n o t  have s u f f i c i e n t  
c a p a b i l i t y  t o  w a r r a n t  t h e i r  deployment d u r i n g  t h e  r e e n t r y  
phase .  

6 .  A s i n g l e  r e e n t r y  s h i p  would be c a p a b l e  o f  p r o v i d i n g  
optimum coverage  f o r  abou t  9 0 %  o f  t h e  p o s s i b l e  s p r e a d  
of  r e e n t r y  t r a j e c t o r i e s  a s  p r e s e n t l y  p l a n n e d .  The 
optimum s h i p  l o c a t i o n  would be  abou t  8 0 0  nm. dcwn 
r a n g e  from t h e  r e e n t r y  p o i n t ,  and would p r o v i d e  up t o  
two minu tes  of  C-band t r a c k i n g  and one and one-ha l f  
minu tes  of  S-band communication c o v e r a g e .  
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From the conclusions above, it is recommended that: 

1. Proposed modifications of the C-band radar system 
on the reentry ship be carried out to improve the 
effectiveness of the reentry and recovery operations. 

2. Apollo Instrumented Aircraft not to be used during 
the reentry phase. 

7/l,-55k R. K. Chen 

RKC 
2021-JEJ-rc 

FLS 
P.. L. Selden 

Attached 
Figures 1 - 8 
Tables I - I11 
Appendix A 
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Figure 3 --Total down range d is tance nau t i ca l  mi les.  L i f t - to-drsg rat io  = 0.3 

(Reference  1) 
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(Refe rence  1) 
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(Reference I) 
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TABLE I 

Recovery A i r c r a f t  Performance 
f o r  S-Band Frequency 

X m t r  Power ( C M )  1 3  dbw 

C a r r i e r  Modulat ion Loss -5 db 

Ant. Gain -0 db 

R F  LOSS -9 db 

E f f e c t i v e  R a d i a t e d  C a r r i e r  Power -1 dbw 

Rece iv ing  Antenna Gain ( A / C )  9 db 

RF LOSS -1 db 

Net Receiv ing Gain 8 db 

Received S i g n a l  Power (0 Range) 7 dbw 

Minimum Received S i g n a l  Required  -159 dbw 

Range Loss Allowed -166 db 

l o g  D = 30.4 db 

D = 1100 nm. w i t h o u t  c h a r r i n g  

D = 500 nm, w i t h  7 db c h a r r i n g  

D = 35 nm. w i t h  30 db c h a r r i n g  
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TABLE I1 

C-Band Radar FPQ-10 Performance (Estimated) 
(Skin Track Mode) 

- 
(R)dbnm - ('t'dbw + 2(GIdb + 2 (XIdbcm + (")dbm2 

- (S/NIdb - @Idb - (NFoIdb - (L) db 

Pt = 60 dbw (1Mw) 60 

G = 44 db (12 ft) 2(G) = 88 

x = 7.5 dbcm (5.6 cm) 2(h) = 15 

0 = 0 dbm2 (lm2) 0 

S/N = 10 db -10 

B = 62 db (1.6 me) -62 

NFo = 5 db -5 

R = 21 db = 126 nm. for lm2 target. 

= 23.5 db = 224 nm. for 10m2 target. 

Where R = Range in nm. 

Pt = transmitter power (peak) in watts 

G = Antenna Gain 

h = Wavelength in cm 

0 = target cross section in m 2 

S/N = Signal to noise ratio 

B = IF Bandwidth in CPS 

NFo = Receiver Noise Figure 

L = System Losses 



TABLE I11 

Proposed  Modif ied  FPQ-10 Per formance  ( E s t i m a t e d )  
( S k i n  Track  Mode) 

"P = 64.8  dbw (3Mw) t 
64.8 

g G  = 46.5 db ( 1 6 f t )  2 ( G )  = 93.0 

a = 7.5  dbcm (5.6cm) 2 ( ~ )  = 1 5  
2 2 a = O dbm ( l m  ) 0 

R = 23.7 db = 235 nm. f o r  l m 2  t a r g e t .  

R = 26.2 db = 420 nm. f o r  1 0 m L  t a r g e t .  

Improvement 



APPENDIX A 

Unified S-Band System Communication 

Performance Summary During Reentry Phase 

Between Reentrv S h f ~ s  and CM 

The following tables and general comments are the 

result of a quick look at the expected performance of the Apollo 

Unified S-Band (USB) System between reentry ships and the CM 

during the reentry phase of a lunar mission. In general when 

30 db attenuation due to antenna charring is experienced all 

communicakions become marginal, If attenuation due to :harping 

is 27 db, margins become slightly positive for a communications 

mode consisting of a full up link (data, voice, and rarging' 

and a full down-link low bit rate telemetry configuraatlor 

(telemetry, voice, and ranging). 



Summarv of Re-entrv Communications 

1.0 Up Link Received Signal Level 

Transmitted Power (2kw) 

Transmit circuit losses 

Antenna Gain (12') 

Path Loss (500 N. Miles) 

Polarization Loss 

Receive Antenna Gain 

Antenna charring attenuation 

Receive circuit losses 

Total Received Signal 

2.0 Down - Link Received Signal Level 
Transmitted Power (20w) +i3, '1 3b'z 

Transmit circuit losses - g o :  f i b  

Antenna Gain 0 di; 

Antenna charring attenuation -30.0 db 

Path Loss (500 N. Miles) -159.0 db  

Polarization Loss -0.1 db 

Receive Antenna Gain (12') +36,2 db 

Receive circuit losses 

Total Received Signal 
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Appendix A 

3.0 Spacecraft Receiver Noise Spectral Density (No] 

NF of System 13.5 db T= 6 4 9 0 ~ ~  190.5 dbw/eps 

4.0 Ship Receiver Noise Spectral Density (No) 204.0 dbw/cps 

T= 2 9 0 0 ~  

5.0 Channel Signal Spectral Density Requirements (E/No) 

Up-Voice 

Up-Dat a 

lOdb in 20Kc 

lOdb in 20Kc 

Up-Carrier 12db in 700 cps 

Down-Link Telemetry 1.6KBPS BER 

1.6KBPS BER 

Down-Link Voice Desired 8db in 20KC 

Minimum 5db in 20KC 

Down-Link Carrier 12db in 50cps 

Turned-Around PRN Ranging (60 seconds) (WER 32.0db/cbs 

Back-up voice 4 2.0db/cps 
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6.0 Performance Margins 

6.1 Full Up-Link 

Channel r Up-Voice Up-Data 

Char Attenuation 

30db 

30db I Ranging 3 0db 

1 Up-Carrier 
i 

I Up-Voice 
I ! Up-Data 

< 
/ Ranging 
1 Up-Carrier 
i 

6.2 Down-Link 

Channel -. Up Link Mode - 

Telemetry Full 

Voice Full 

i 
Ranging Full 

Carrier Full 

Telemetry 

Ranging 

Carrier 

Full 

Full 

Full 

Margin 

+2.2db 

-0.7db 

+4. Odb 

+l' ldb 

------ 

+21db 

Char Attenuation 

30db 

30db 

30db 

30db 

Margin 

-3, ldb 

-1. ldb 

-5.6db 

+20.4db 

+6. ldb 

-7,8db 

+Is, Odb 
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6.2 Down Link Performance Margins (Contt) 

Telemetry 

Voice 

Carrier 

Up Link Mode Char Attenuation Margin 

Telemetry N/A 

Back-up Voice 
I 

N/ A 

1 Carrier 

I Ranging 1 Carrier 
Ranging Only 

Ranging Only 

[Telemetry Full 27db +O. 8db 
! 
/ voice Full 27db +1.8db 

1 Ranging Full 27db +2,7db 

/ Carrier 
L 

7.0 General 

Full 

7.1 Changing the up-link to voice and ranging only when antenna 
charring attenuation is 30db, will improve the up-link voice 
margin approximately +2.0db, however, the ranging margin will 
be degraded about 3.0db. 



BELLCOMM, ING. 
Appendix A 

7 .2  Range code a c q u i s i t i o n  t imes  f o r  t h e  margins  shown above a r e  
as fo l l ows :  

Range Code Margin Code A c q u i s i t i o n  T i m e  (WER lo- ')  

Odb 6 0  seconds  

-7.8db 470 seconds 

-5.6db 240 seconds 

+8.8db 9 seconds 

+2.7db 20 seconds 

7 . 3  The margin d a t a  p r e s e n t e d  above i s  based on t h e  c u r r e n t  e s t i -  
mates o f  s p a c e c r a f t  pa ramete r s  as d e f i n e d  i n  NAA r e v i s i o n  
B S-Band c i r c u i t  margins ( p r e l i m i n a r y ) ,  excep t  assumpt ion i s  
made h e r e  t h a t  t h e  S-band omni-antennaelements  a re  swi tched 
i n d i v i d u a l l y  r a t h e r  t h a n  i n  p a i r s ,  and GSFCvs e s t i m a t e  o f  
MSFN ground s t a t i o n  performance,  


